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METHOD FOR MANUFACTURING STAMP
AND METHOD FOR MANUFACTURING
WIRE GRID POLARIZER USING THE STAMP

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and benefit of
Korean Patent Application No. 10-2015-0002564 filed on
Jan. 8, 2015 in the Korean Intellectual Property Office; the
Korean Patent Application is incorporated herein in its
entirety by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention is related to a method for

manufacturing a stamp and is related to a method for manu-
facturing a wire grid polarizer using the stamp.

[0004] 2. Description of Related Art

[0005] A wire grid polarizer may include an array of par-
allel wires. A polarization component that is parallel to the
wires length direction may be reflected and/or absorbed. A
polarization component that is perpendicular to the wires may
be transmitted.

[0006] The wires may be formed using a lithography pro-
cess, such as an electron beam lithography process or an
optical lithography process. Nevertheless, the productivity
associated with the electron beam lithography process may be
undesirably low, and the cost associated with the optical
lithography process may be undesirably high.

[0007] The wires may be formed using a nano-imprint pro-
cess. In general, different sets of equipment and different
processes may be required for manufacturing wire grid polar-
izers that have different polarization directions.

SUMMARY

[0008] An embodiment of the present invention may be
related to a method for manufacturing at least one stamp. The
stamp may be used in manufacturing one or more wire grid
polarizers for use in one or more display panels, such as one
or more liquid crystal display panels. The method may
include the following steps: preparing a mold that includes
mold protrusions, wherein the mold protrusions extend par-
allel to each other in a plan view of the mold and include a first
mold protrusion; providing first resin on the mold, wherein
the first resin may partially cover the mold protrusions with-
out completely covering the mold protrusions, and wherein a
first side of the first resin may be at a first angle with respect
to the first mold protrusion in a plan view of a structure that
includes the mold and the first resin; curing the first resin to
form first cured resin; and forming a first stamp that includes
the first cured resin.

[0009] The method may include the following steps: pro-
viding second resin on the mold, wherein the second resin
may partially cover the mold protrusions without completely
covering the mold protrusions, wherein a first side of the
second resin may be at a second angle with respect to the first
mold protrusion in a plan view of a structure that includes the
mold and the second resin, and wherein the second angle may
be unequal to the first angle; curing the second resin to form
second cured resin; and forming a second stamp that includes
the second cured resin.

[0010] The method may include the following step: rotat-
ing the mold before providing the second resin on the mold.
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[0011] The first side of the first resin may be longer than a
second side of the first resin in a plan view of the first resin.
The first side of the second resin may be longer than a second
side of the second resin in a plan view of the second resin.
[0012] An area of the first cured resin in a plan view of the
first cured resin may be equal to an area of the second cured
resin in a plan view of the second cured resin.

[0013] A difference between the second angle and the first
angle may be equal to 90 degrees.

[0014] The first angle may be an acute angle or an obtuse
angle. The first angle may be an acute angle, and the second
angle may be an obtuse angle.

[0015] The first resin may be positioned between two por-
tions of the first mold protrusion in the plan view of the
structure that includes the mold and the first resin.

[0016] The first resin may be positioned between two arcs
of'the mold in a plan view of a structure that includes the mold
and the first resin.

[0017] An embodiment of the present invention may be
related to a method for manufacturing at least one wire grid
polarizer. The wire grid polarizer may be used in a display
panel, such as a liquid crystal display panel. The method may
include the following steps: preparing a mold that includes
mold protrusions, wherein the mold protrusions extend par-
allel to each other in a plan view of the mold and include a first
mold protrusion; providing first resin on the mold, wherein
the first resin may partially cover the mold protrusions with-
out completely covering the mold protrusions, and wherein a
first side of the first resin may be at a first angle with respect
to the first mold protrusion in a plan view of a structure that
includes the mold and the first resin; curing the first resin to
form first cured resin; forming a first stamp that includes the
first cured resin; pressing the first stamp on first mask material
for forming a first mask; and etching a first metal film through
the first mask to form wires of a first wire grid polarizer.
[0018] The method may include the following steps: pro-
viding second resin on the mold, wherein the second resin
may partially cover the mold protrusions without completely
covering the mold protrusions, wherein a first side of the
second resin may be at a second angle with respect to the first
mold protrusion in a plan view of a structure that includes the
mold and the second resin, and wherein the second angle may
be unequal to the first angle; curing the second resin to form
second cured resin; forming a second stamp that includes the
second cured resin; pressing the second stamp on second
mask material for forming a second mask; and etching a
second metal film through the second mask to form wires of
a second wire grid polarizer.

[0019] The method may include the following step: rotat-
ing the mold before providing the second resin on the mold.
[0020] The first side of the first resin may be longer than a
second side of the first resin in a plan view of the first resin.
The first side of the second resin may be longer than a second
side of the second resin in a plan view of the second resin.
[0021] A length of a wire of the wires of the second wire
grid polarizer may be substantially equal to a length of the
first side of the first resin.

[0022] A firstside ofthe first cured resin may be longer than
a second side of the first cured resin in a plan view of the first
cured resin. A length of the first side of the first cured resin
may be equal to a length of a wire of the wires of the second
wire grid polarizer. A first side of the second cured resin may
be longer than a second side ofthe second cured resinin a plan
view of the second cured resin. A length of the second side of
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the second cured resin may be equal to a length of a wire of the
wires of the first wire grid polarizer.

[0023] A firstside of the first cured resin may be longer than
a second side of the first cured resin in a plan view of the first
cured resin. A wire of the wires of the second wire grid
polarizer may be shorter than the first side of the first cured
resin and may be longer than the second side of the first cured
resin.

[0024] The mold may include a silicon member.

[0025] The first resin may be positioned between two arcs
of the first mold protrusion in the plan view of the structure
that includes the mold and the first resin.

[0026] The first mask may include the first mask material
and a resistance layer. The resistance layer may be positioned
between the first mask material and the first metal film.
[0027] An embodiment of the present invention may be
related to a method for manufacturing a master mold (i.e., a
master stamp). The method may include the following steps:
forming micro-patterns in the form of stripes that are spaced
apart from each other on one surface of a mold having a
circular plate shape; positioning the mold at a first angle with
respect to a reference; and spreading resin in rectangular
regions on the micro-patterns of the mold, wherein the first
angle of the mold is determined so that a length direction of
the micro-patterns of the mold is set to any one of a vertical
direction, a horizontal direction, and an inclined direction
with respect to the reference.

[0028] The method for manufacturing a master mold may
further include arranging the mold such that the mold is
positioned at a second angle different from the first angle with
respect to the reference. The mold may be rotated about a
circular center of the mold.

[0029] The inclined direction may be a direction that cor-
responds to an angle that is formed between the vertical
direction and the horizontal direction.

[0030] An embodiment of the present invention may be
related to a method for manufacturing a wire grid polarizer.
The method may include the following steps: forming micro-
patterns in the form of stripes that are spaced apart from each
other on one surface of a mold having a circular plate shape;
positioning the mold at a first angle with respect to a refer-
ence; spreading first resin in rectangular regions on the micro-
patterns of the mold; forming a first film stamp by transferring
the firstresin to a film; and imprinting the first film stamp onto
a first mother substrate on which first mask material is spread.
[0031] The first mother substrate may include a glass sub-
strate and a metal thin film that is deposited on the glass
substrate, and the first mask material is spread on the metal
thin film.

[0032] The method for manufacturing a wire grid polarizer
may further include performing etching the metal thin film
through the first mask material, which has been stamped by
the first film stamp.

[0033] A hard mask layer may be provided between the
metal thin film and the first mask material to form a composite
mask that has desirable etch resistance.

[0034] The metal film may include aluminum (Al).

[0035] The hard mask layer may include at least one of
chrome and nitrogen.

[0036] The first angle of the mold may be determined so
that a length direction of the micro-patterns of the mold is set
to any one of a vertical direction, a horizontal direction, and
an inclined direction with respect to the reference.
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[0037] The method for manufacturing a wire grid polarizer
may further include rotating the mold such that the mold may
be positioned at a second angle different from the first angle
with respect to the reference. The mold may be rotated about
a circular center of the mold.

[0038] The inclined direction may be a direction that cor-
responds to an angle that is formed between the vertical
direction and the horizontal direction.

[0039] The method for manufacturing a wire grid polarizer
may further include positioning the mold at a second angle
with respect to the reference; spreading second resin in rect-
angular regions on the micro-patterns of the mold; forming a
second film stamp by transferring the second resin to a film;
and imprinting the second film stamp onto a second mother
substrate on which second mask material is spread.

[0040] Themold may be rotated to become orthogonal with
respect to the reference.

[0041] The method for manufacturing a wire grid polarizer
may further include performing a laminate process by heating
the micro-patterns of the mold at high temperature and at high
pressure after making the micro-patterns in close contact with
the first film stamp in the transferring the first resin to the film.
[0042] The first mask material may be spread in a plurality
of regions, which correspond to display regions of display
panels and are spaced from one another at predetermined
intervals, on the first mother substrate.

[0043] The mold may include silicon (Si).

[0044] The respective regions, to which patterns of the first
film stamp are transferred, may have areas that are equal to
areas of the respective regions, on which the first mask mate-
rial is spread on the first mother substrate.

[0045] The respective regions may be arranged in an array
structure.
[0046] According to embodiments of the present invention,

wire grid polarizers having different pattern directions can be
manufactured using the same mold. Advantageously, the
manufacturing cost associated with the wire grid polarizers
may be minimized.

[0047] The above summary is related to some of many
embodiments of the invention disclosed herein and is not
intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 is a schematic cross-sectional view illustrat-
ing two wire grid polarizers included in a display panel
according to an embodiment of the present invention.

[0049] FIG. 2 is a schematic plan view illustrating a mold
that may be used for manufacturing a wire grid polarizer
according to an embodiment of the present invention.

[0050] FIG. 3 is a schematic plan view illustrating a step of
providing a set of resin on a mold in a method for manufac-
turing a wire grid polarizer according to an embodiment of the
present invention.

[0051] FIG. 4 is a schematic cross-sectional view taken
along aline III-IIl indicated in F1G. 3 according to an embodi-
ment of the present invention.

[0052] FIG. 5 is a schematic plan view illustrating a film
stamp to which the pattern of a mold is transferred according
to an embodiment of the present invention.

[0053] FIG. 6 is a schematic cross-sectional view taken
along a line V-V indicated in FIG. 5 according to an embodi-
ment of the present invention.
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[0054] FIG.7is a schematic plan view illustrating a mother
substrate that is imprinted by the film stamp illustrated in FIG.
5 according to an embodiment of the present invention.
[0055] FIG. 8 is a schematic cross-sectional view taken
along a line VII-VII indicated in FIG. 7 according to an
embodiment of the present invention.

[0056] FIG.9 is a schematic plan view illustrating a step of
providing a set of resin on a mold after the mold has been
rotated by 90 degrees in a method for manufacturing a wire
grid polarizer according to an embodiment of the present
invention.

[0057] FIG. 10 is a schematic cross-sectional view taken
along a line IX-IX indicated in FIG. 9 according to an
embodiment of the present invention.

[0058] FIG. 11 is a schematic plan view illustrating a film
stamp to which a pattern illustrated in FIG. 10 is transferred
according to an embodiment of the present invention.

[0059] FIG. 12 is a schematic cross-sectional view taken
along a line XI-XI indicated in FIG. 11 according to an
embodiment of the present invention.

[0060] FIG. 13 is a schematic plan view illustrating a
mother substrate that is imprinted by the film stamp illus-
trated in FIG. 11 according to an embodiment of the present
invention.

[0061] FIG. 14 is a schematic cross-sectional view taken
along a line XIII-XIII indicated in FIG. 13 according to an
embodiment of the present invention.

[0062] FIG.15isaschematic plan view illustrating a step of
providing a set of resin on a mold such that a side of the resin
is oriented at a first obtuse or acute angle with respect to
protrusions (and trenches) of the mold in a method for manu-
facturing a wire grid polarizer according to an embodiment of
the present invention.

[0063] FIG. 16 is a schematic plan view illustrating a film
stamp to which a pattern illustrated in FIG. 15 is transferred
according to an embodiment of the present invention.

[0064] FIG. 17 is a schematic plan view illustrating a
mother substrate that is imprinted by the film stamp illus-
trated in FIG. 16 according to an embodiment of the present
invention.

[0065] FIG.18isaschematic plan view illustrating a step of
providing a set of resin on a mold such that a side of the resin
is oriented at a second obtuse or acute angle with respect to
protrusions (and trenches) of the mold in a method for manu-
facturing a wire grid polarizer according to an embodiment of
the present invention.

[0066] FIG. 19 is a schematic plan view illustrating a film
stamp to which a pattern illustrated in FIG. 18 is transferred
according to an embodiment of the present invention.

[0067] FIG. 20 is a schematic plan view illustrating a
mother substrate that is imprinted by the film stamp illus-
trated in FIG. 19 according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0068] Example embodiments of the present invention are
described with reference to the accompanying drawings. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Embodiments of the present invention may be practiced with-
out some or all of these specific details. Well known process
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steps and/or structures may not have been described in detail
in order to not unnecessarily obscure the present invention.
[0069] Inthe drawings, thicknesses of layers may be exag-
gerated for clarity.

[0070] In the description, the term “and/or” may include
any and all combinations of associated items.

[0071] Although the terms “first”, “second”, etc. may be
used herein to describe various elements, these elements,
should not be limited by these terms. These terms may be used
to distinguish one element from another element. Thus, a first
element discussed below may be termed a second element
without departing from the teachings of the present invention.
The description of an element as a “first” element may not
require or imply the presence of a second element or other
elements. The terms “first”, “second”, etc. may also be used
herein to differentiate different categories or sets of elements.

2 <

For conciseness, the terms “first”, “second”, etc. may repre-
sent “first-category (or first-set)”, “second-category (or sec-
ond-set)”, etc., respectively.

[0072] If a first element (such as a layer, film, region, or
substrate) is referred to as being “on”, “neighboring”, “con-
nected to”, or “coupled with” a second element, then the first
element can be directly on, directly neighboring, directly
connected to, or directly coupled with the second element, or
an intervening element may also be present between the first
element and the second element. If a first element is referred
to as being “directly on”, “directly neighboring”, “directly
connected to”, or “directed coupled with” a second element,
then no intended intervening element (except environmental
elements such as air) may also be present between the first
element and the second element.

[0073] Spatially relative terms, such as “below,” “lower,”
“under,” “above,” “upper” and the like, may be used herein for
ease of description to describe the relationship of one element
or feature to another element(s) or feature(s) as illustrated in
the figures. The spatially relative terms may encompass dif-
ferent orientations of a device or structure in use or operation,
in addition to the orientation(s) illustrated in the figures. For
example, if a device or structure illustrated in a figure is
turned over, elements described as “below” or “beneath”
relative to other elements would then be positioned “above”
relative to the other elements or features. Thus, the term
“below” can encompass both a position of above and below.
A device or structure may be otherwise oriented (e.g., rotated
by 90 degrees or oriented at other orientations), and the spa-
tially relative descriptors should be interpreted accordingly.
[0074] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an,” and “the” may indicate plural forms as well, unless
the context clearly indicates otherwise. The terms “com-
prises,” “comprising,” “includes,” and/or “including,” when
used in this specification, specify the presence of stated fea-
tures, integers, operations, elements, and/or components, but
may not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, compo-
nents, and/or groups.

[0075] FIG. 1 is a schematic cross-sectional view illustrat-
ing two wire grid polarizers 110 and 210 (or polarizers 110
and 210, for conciseness) included in a display panel accord-
ing to an embodiment of the present invention.

[0076] Referring to FIG. 1, the display panel may include a
first substrate 101, a second substrate 201, and a liquid crystal
layer 229 that is positioned between the substrates 101 and
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201. The polarizers 110 and 210 may be respectively posi-
tioned on the substrates 101 and 201. The display panel may
include a display region and a non-display region. The polar-
izers 110 and 210 may be positioned in the display region.
The polarizers 110 and 210 may perform linear polarization
of light.

[0077] Each of the polarizers 110 and 210 may include
parallel wires, e.g., metal wires. The wires of each of the
polarizers 110 and 210 may be parallel to, vertical to, or
inclined with respect to a gate line of the display panel in a
plan view of the display panel. The wires of the polarizer 110
may be oriented at an angle (e.g., 90 degrees) with respect to
the wires of the polarizer 210 in the plan view of the display
panel.

[0078] A backlight unit may provide light to the display
panel. The light may include different light components.
Light components that are perpendicular to the wires of a
polarizer may be transmitted through the polarizer, and light
components that are parallel to the wires of a polarizer may be
reflected and/or absorbed by the polarizer. In an embodiment,
P-polarized light may be transmitted through the polarizers
110 and 210, and S-polarized light may be reflected and/or
absorbed by the polarizers 110 and 210.

[0079] Each of a wire width and a wire spacing of each of
the polarizers 110 and 210 may be smaller than each of the
wavelengths of the red, green, and blue visible lights. In an
embodiment, each of the wire width and the wire spacing may
be in the range of 50 nm to 200 nm.

[0080] The wires ofthe polarizers 110 and 210 may include
a metal having high reflectivity. The wires may be made of
one of aluminum, gold, silver, copper, palladium, platinum,
rhodium, silicon, cobalt, manganese, titan, ruthenium, nio-
bium, neodymium, ytterbium, yttrium, tungsten, indium, bis-
muth, chrome, molybdenum, and an alloy of two or more of
the aforementioned metal materials. In an embodiment, the
wires may be made of aluminum and may have substantially
high reflectivity. Each wire may be a single-layer structure or
a multilayer that includes layers made of different materials.
In an embodiment, each wire may include a lower layer made
of aluminum and may include an upper layer made of tita-
nium. In an embodiment, each wire may include a lower layer
made of aluminum and may include an upper layer made of
molybdenum.

[0081] An insulating layer 120 is arranged on the polarizer
110. The polarizer insulating layer 120 may prevent the char-
acteristics of the pixel electrode 128 from being affected by
the polarizer 110, which may include metal wires.

[0082] A plurality of gate lines (not illustrated) and a plu-
rality of data lines (not illustrated) perpendicular to the gate
lines may be positioned on the first substrate 101.

[0083] A pixel electrode 128 may be arranged in each pixel
that is defined by a gate line and a data line. The pixel elec-
trode 128 may receive a data voltage through a switching
element, e.g., a thin film transistor. A gate electrode 121 (i.e.,
a control terminal) of the thin film transistor may be con-
nected to the gate line, a source electrode 124 (i.e., an input
terminal) of the thin film transistor may be connected to the
dataline, and a drain electrode 125 (i.e., an output terminal) of
the thin film transistor may be connected to the pixel electrode
128 through a contact hole (not illustrated). A semiconductor
layer 123 may provide a channel of the thin film transistor.
The semiconductor layer 123 may overlap the gate electrode
121. The source electrode 124 and the drain electrode 125
may be spaced from each other and may be respectively
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connected to two opposite edges of the semiconductor layer
123. The pixel electrode 128 may generate an electric field
together with the common electrode 230 to control alignment
directions of liquid crystal molecules of the liquid crystal
layer 229, which is arranged between the pixel electrode 128
and the common electrode 230.

[0084] A color filter 233 may be formed for each pixel in
the display region of the display panel. The display panel may
include red, green, and blue color filters 233. The red, green,
and blue color filters 233 may be alternately arranged. Por-
tions of a black matrix 232 may be arranged at boundaries
between color filters 233. A portion of the black matrix 232
may be arranged at the non-display region of the display
panel. The portion of black matrix 232 in the non-display
region may be wider than a portion of the black matrix 232
positioned at a boundary between two color filters 233. The
common electrode 230 may substantially cover the display
region of the display panel and may overlap pixel electrodes
128.

[0085] The first substrate 101 and the second substrate 201
may be bonded by a sealing member 234 that is made of a
sealant material. The sealing member 234 may be positioned
in the non-display region of the display panel.

[0086] FIG. 2 is a schematic plan view illustrating a mold
10 that may be used for manufacturing a wire grid polarizer
according to an embodiment of the present invention. The
mold 10 may include one or more members (e.g., protrusions
and/or a base plate that supports the protrusions) made of one
or more materials having suitable mechanical characteristics
for withstanding pollution and abrasion in repeated replica-
tion processed. In an embodiment, the mold 10 may include
one or more members made of one or more of a metal mate-
rial, a glass material, a plastic material, silicon, and a metal
oxide material. In an embodiment, the mold 10 may be
formed of silicon and may have desirable abrasion resistance,
desirable mechanical properties, and/or a desirable transmit-
tance-related property with respect to an ultraviolet (UV)
irradiation.

[0087] The mold 10 may have a circular plate shape. The
mold 10 may include a substantially flat side, may include
protrusions 10a (or wires 10q) that overlap the substantially
flat side and extend substantially parallel to each other, and
may include trenches 105 (or valleys 106) that are positioned
between protrusions 10a and extend substantially parallel to
each other. The protrusions 10a and trenches 105 may form a
stripe pattern in the plan view of the mold 10.

[0088] A first protrusion 10a may pass through the center of
the circular shape of the mold 10 in the plan view of the mold
10 and may be longer than other protrusions 10a. The other
protrusions 10a may be symmetrically distributed with
respect to the first (or longest) protrusion 10a. A second
protrusion 10a and a third protrusion 10a may be equally
distant from the first protrusion 10a and may be as long as
each other. The second protrusion 10a may be positioned
between the first protrusion 10a and a fourth protrusion 10a,
and the second protrusion 10a may be shorter than the first
protrusion 10a and longer than the fourth protrusion 10a.
[0089] In an embodiment, a first trench 105 may pass
through the center of the circular shape of the mold 10 in a
plan view of the mold 10 and may be longer than other
trenches 105. The other trenches 105 may be symmetrically
distributed with respect to the first (or longest) trench 105. A
second trench 105 and a third trench 105 may be equally
distant from the first trench 105 and may be as long as each
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other. The second trench 105 may be positioned between the
first trench 105 and a fourth trench 105, and the second trench
105 may be shorter than the first trench 105 and longer than
the fourth trench 104.

[0090] In an embodiment, a UV light may be used for
curing a set of UV curable resin that is provided on the mold
10, wherein the mold 10 may be formed of a material that has
a desirable transmittance during UV irradiation and/or may
include a member that has a desirable transmittance during
UV irradiation.

[0091] Inan embodiment, heat may be provided for curing
a set of thermosetting resin that is provided on the mold 10,
wherein the mold 10 may include one or more members (e.g.,
protrusions 10a and/or a substrate that supports the protru-
sions 10q) that may have desirable durability without sub-
stantial transparency. The mold 10 may include one or more
members formed of one or more of stainless steel, nickel (Ni),
copper (Cu), magnesium (Mg), aluminum (Al), chrome (Cr),
tungsten (W), molybdenum (Mo), tantalum (Ta), silicon (Si),
and a metal oxide.

[0092] FIG. 3 is a plan view illustrating a step of providing
asetofresin R1 on the mold 10 in a method for manufacturing
a wire grid polarizer according to an embodiment of the
present invention, and FIG. 4 is a schematic cross-sectional
view taken along a line III-1I] indicated in FIG. 3 according to
an embodiment of the present invention.

[0093] Referring to FIGS. 3 and 4, the resin R1 is provided
(e.g., spread) on the pattern of the mold 10, i.e., on the pro-
trusions 10a and trenches 106 of the mold 10. The resin R1
may have a substantially rectangular shape in the plan view of
the structure that includes the mold 10 and the resin R1. An
area of the resin R1 in the plan view may be substantially
equal to a planar area of the display region of the display
panel, a planar area of the first substrate 101, or a planar area
of'the second substrate 201, wherein the display panel includ-
ing the substrates 101 and 201 are illustrated in FIG. 1. The
mold 10 may be positioned according to a first orientation,
wherein the protrusions 10a (and the trenches 105) may be
oriented perpendicular to a longer side of the resin R1 in the
plan view. The resin R1 may partially cover the protrusions
10a without completely covering the protrusions 10a. The
resin R1 may be positioned between two portions (e.g., two
arcs) of a protrusion 10a in the plan view.

[0094] FIG. 5 is a schematic plan view illustrating a film
stamp to which the pattern of the mold 10 is transferred, and
FIG. 6 is a schematic cross-sectional view taken along a line
V-V indicated in FIG. 5 according to an embodiment of the
present invention.

[0095] Referring to FIGS. 3, 4, 5, and 6, the pattern that
includes the elements 10a and 106 of the mold 10 may be
transferred through the resin R1 to a film 1 to form a film
stamp. A film 1 may be prepared, and subsequently the first
resin R1 may be attached to the film 1 through a lamination
process (which may involve a roller). A thermal imprint tech-
nique or a UV imprint technique may be used in the lamina-
tion process. In an embodiment, the mold 10 is made of an
opaque material, a thermosetting material is used as the resin
R1, and a thermal imprint process may be performed at a high
temperature and at a high pressure to separate the resin R1
from the mold 10 and/or to attach the resin R1 to the film 1. As
aresult, a film stamp that includes the film 1 and the resin R1
may be formed. The film stamp may include protrusions 11a
and trenches 115 of the resin R1. The shapes and dimensions
of'the protrusions 11a may be determined by the trenches 105
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of'the mold 10, and the shapes and dimensions of the trenches
115 may be determined by the protrusions 10a of the mold 10.
[0096] FIG. 7 is a schematic plan view illustrating a mother
substrate that is imprinted by the film stamp illustrated in FIG.
5 according to an embodiment of the present invention, and
FIG. 8 is a schematic cross-sectional view taken along a line
VII-VII indicated in FIG. 7.

[0097] Referring to FIGS. 7 and 8, a set of resin R2 is
provided (e.g., spread) on each of a plurality of regions on a
mother substrate 2. The regions may be arranged in an array
that has rows and columns and are spaced from each other.
Each set of resin R2 may have a rectangular shape in a plan
view and may correspond to a display region of a display
panel. Sets of resin R2 are spaced from each other at prede-
termined intervals. Subsequently, by imprinting the film
stamp that includes sets of cured resin R1 onto the mother
substrate 2, patterns that replicate the pattern of the mold 10
are transferred to the sets of resin R2, which are positioned at
display regions of display panels. As a result, each set of resin
R2 may include protrusions 12a and trenches 125. The shapes
and dimensions of the protrusions 12a may be determined by
the trenches 115 of the corresponding set of resin R1, and the
shapes and dimensions of the trenches 126 may be deter-
mined by the protrusions 11a of the corresponding set of resin
R1. The shape and area of each set of resin R2 may be
substantially identical and equal to the shape and area of a
corresponding set of cured set or resin R1 in a plan view of a
structure that includes the sets of resins R1 and R2.

[0098] Referring to FIG. 8, the mother substrate 2 may
include a metal thin film 21. The metal thin film 21 may be
disposed on a glass substrate 101. The resin R2 may be spread
on the metal thin film 21. The material of the resin R2 may
include at least one of a thermosetting resin and a UV curable
resin. The resin R2 may be cured. By performing etching on
the metal thin film 21 using the cured resin R2 as a mask,
metal wires may be formed, and wire grid polarizers may be
manufactured. In an embodiment, a hard mask layer 22 may
be provided between the metal thin film 21 and the resin R2 to
form a composite mask that has a desirable etch resistance, in
order to achieve an optimal etching result.

[0099] FIG.9 is a schematic plan view illustrating a step of
providing a set of resin R3 on the mold 10 after the mold 10
has been rotated by 90 degrees or with the resin R3 being
provided at a 90-degree angle with respect to the previously
provided resin R1 in a method for manufacturing a wire grid
polarizer according to an embodiment of the present inven-
tion, and FIG. 10 is a schematic cross-sectional view taken
along a line IX-IX indicated in FIG. 9 according to an
embodiment of the present invention.

[0100] Referring to FIG. 3 and FIG. 9, the mold 10 may be
rotated by a predetermined angle about the circular center of
the mold 10. The angle may be set to, for example, 90°. The
resin R3 is provided (e.g., spread) on the pattern of the mold
10, i.e., on the protrusions 10a and trenches 105 of the mold
10. The orientation of the resin R3 may be substantially
identical to the orientation of the previously provided resin
R1. The resin R3 may have a substantially rectangular shape
in the plan view of the structure that includes the mold 10 and
the resin R3. An area of the resin R3 in the plan view may be
substantially equal to a planar area of the display region of the
display panel, a planar area of the first substrate 101, or a
planar area of the second substrate 201, wherein the display
panel including the substrates 101 and 201 are illustrated in
FIG. 1. The mold 10 may be positioned according to a second
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orientation, wherein the protrusions 10a (and the trenches
105) may be oriented parallel to a longer side of the resin R3
in the plan view.

[0101] In an embodiment, the mold 10 may remain in the
first orientation, and the resin R3 may have an orientation that
is at a 90-degree angle with respect to the orientation of the
previously provided resin R1. As a result, the protrusions 10a
(and the trenches 105) may be oriented parallel to a longer
side of the resin R3 in a plan view of a structure that includes
the mold 10 and the resin R3.

[0102] FIG. 11 is a schematic plan view illustrating a film
stamp to which a pattern illustrated in FIG. 10 is transferred
according to an embodiment of the present invention, and
FIG. 12 is a schematic cross-sectional view taken along line
XI-Xlindicated in FIG. 11 according to an embodiment of the
present invention.

[0103] Referring to FIGS. 9, 10, 11, and 12, the mold 10
may shape the resin R3 to have protrusions 13a and trench
1354, and the resin R3 may be provided on a film 3 to form a
film stamp that includes the resin R3 and the film 3. The steps
associated with FIGS. 9, 10, 11, and 12 may be analogous to
the steps associated with FIGS. 3, 4, 5, and 6.

[0104] FIG. 13 is a schematic plan view illustrating a
mother substrate that is imprinted by the film stamp illus-
trated in FIG. 11 according to an embodiment of the present
invention, and FIG. 14 is a schematic cross-sectional view
taken along a line XIII-XII1 indicated in FIG. 13 according to
an embodiment of the present invention.

[0105] Referring to FIGS. 13 and 14, a set of resin R4 is
provided (e.g., spread) on each of a plurality of regions on a
mother substrate 4. Each set of resin R4 may have a rectan-
gular shape in a plan view and may correspond to a display
region a display panel. Sets of resin R4 are spaced from each
other at predetermined intervals. Thereafter, by imprinting
the film stamp that includes sets of cured resin R3 onto the
mother substrate 4, patterns that replicate the pattern of the
mold 10 are transferred to the sets of resin R4, which are
positioned at display regions of display panels. As a result,
each set of resin R4 may include protrusions 14a and trenches
1454. The shapes and dimensions of the protrusions 14a may
be determined by the trenches 1356 of the corresponding set of
resin R3, and the shapes and dimensions of the trenches 145
may be determined by the protrusions 13a of the correspond-
ing set of resin R3. The shape and area of each set of resin R4
may be substantially identical and equal to the shape and area
of a corresponding set of cured set or resin R3 in a plan view
of a structure that includes the sets of resins R3 and R4.

[0106] Referring to FIG. 14, the mother substrate 4 may
include a metal thin film 41. The metal thin film 41 may be
deposed on a glass substrate 201. The resin R4 may be spread
on the metal thin film 41. The material of the resin R4 may
include at least one of a thermosetting resin and a UV curable
resin. The resin R4 may be cured. By performing etching on
the metal thin film 41 using the cured resin R4 as a mask,
metal wires may be formed, and wire grid polarizers may be
manufactured. In an embodiment, a hard mask layer 42 may
be provided between the metal thin film 41 and the resin R4 to
form a composite mask that has a desirable etch resistance, in
order to achieve an optimal etching result.

[0107] A wire grid polarizer manufactured using steps dis-
cussed with reference FIGS. 3, 4, 5, 6, 7, and 8 may function
as the polarizer 110 illustrated in FIG. 1. A wire grid polarizer
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manufactured using steps discussed with reference FIGS. 9,
10, 11, 12, 13, and 14 may function as the polarizer 210
illustrated in FIG. 1.

[0108] A first side of the cured resin R1 may be longer than
a second side ofthe cured resin R1 in a plan view of the cured
resin R1. A length of the first side of the cured resin R1 may
be equal to a length of a wire of the wires of the polarizer 210.
A first side of the cured resin R3 may be longer than a second
side of the cured resin R3 in a plan view of the cured resin R3.
A length of the second side of the cured resin R3 may be equal
to a length of a wire of the wires of the polarizer 110.
[0109] Although the wire grid pattern of the polarizer 110 is
substantially different from the wire grid pattern of the polar-
izer 210, the mold 10 may be used for manufacturing both the
polarizer 110 and the polarizer 210. Advantageously, manu-
facturing costs associated with the polarizers 110 and 210
may be minimized.

[0110] FIG.15isaschematic plan view illustrating a step of
providing a set of resin R5 on the mold 10 such that a side of
the resin RS is oriented at a first obtuse or acute angle with
respect to protrusions 10a (and trenches 105) of the mold 10
in a method for manufacturing a wire grid polarizer according
to an embodiment of the present invention, and FIG. 16 is a
schematic plan view illustrating a film stamp to which a
pattern illustrated in FIG. 15 is transferred according to an
embodiment of the present invention. In an embodiment, the
first obtuse or acute angle may be 45 degrees.

[0111] Steps associated with FIG. 15 and FIG. 16 for manu-
facturing wire grid polarizers may be substantially analogous
to the steps discussed with reference to FIGS. 3, 4, 5, and 6.
The mold 10 may pattern the resin R5 to have protrusions 154
and trenches 155, and the patterned resin R5 may be provide
on a film 5 to form a film stamp.

[0112] FIG. 17 is a schematic plan view illustrating a
mother substrate 6 that is imprinted by the film stamp illus-
trated in FIG. 16 according to an embodiment of the present
invention.

[0113] Steps associated with FIG. 15, F1G. 16, and FIG. 17
for manufacturing wire grid polarizers may be substantially
analogous to the steps discussed with reference to FIGS. 3, 4,
5, 6, 7, and 8. Referring to FIG. 17, a set of resin R6 is
provided (e.g., spread) on each of a plurality of regions on the
mother substrate 6. The regions may be arranged in an array
that has rows and columns and are spaced from each other.
Each set of resin R6 may have a rectangular shape in a plan
view and may correspond to a display region of a display
panel. Sets of resin R6 are spaced from each other at prede-
termined intervals. Subsequently, by imprinting the film
stamp that includes sets of cured resin R5 onto the mother
substrate 6, patterns that replicate the pattern of the mold 10
are transferred to the sets of resin R6, which are positioned at
display regions of display panels. As a result, each set of resin
R6 may include protrusions 16a and trenches 165. The shapes
and dimensions of the protrusions 16a may be determined by
the trenches 1556 of the corresponding set of resin R5, and the
shapes and dimensions of the trenches 165 may be deter-
mined by the protrusions 15a of the corresponding set of resin
R5. The shape and area of each set of resin R6 may be
substantially identical and equal to the shape and area of a
corresponding set of cured set or resin R5 in a plan view of a
structure that includes the sets of resins RS and R6. An etch-
ing process may be performed using the sets of resin R6 as
masks for etching a metal film to form wires of a first set of
wire grid polarizers.
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[0114] FIG.18is aplanview illustrating a step of providing
a set of resin R7 on the mold 10 such that a side of the resin R7
is oriented at a second obtuse or acute angle with respect to
the protrusions 10a (and the trenches 104) of the mold 10 in
amethod for manufacturing a wire grid polarizer according to
an embodiment of the present invention. FIG. 19 is a sche-
matic plan view illustrating a film stamp to which a pattern
illustrated in FIG. 18 is transferred according to an embodi-
ment of the present invention. FIG. 20 is a schematic plan
view illustrating a mother substrate 8 that is imprinted by the
film stamp illustrated in FIG. 19 according to an embodiment
of the present invention. In an embodiment, the difference
between the second obtuse or acute angle and the first obtuse
or acute angle may be 90 degrees. In an embodiment, the
second obtuse or acute angle may be 135 degrees.

[0115] Steps associated with FIG. 18, F1G. 19, and FIG. 20
for manufacturing wire grid polarizers may be substantially
analogous to the steps discussed with reference to FIGS. 9,
10, 11, 12, 13, and 14. Referring to FIG. 18 and FIG. 19, the
mold 10 may pattern the resin R7 to have protrusions 174 and
trenches 175, and the patterned resin R7 may be provide on a
film 7 to form a film stamp. Referring to FI1G. 20, a set of resin
R8 is provided (e.g., spread) on each of a plurality of regions
on the mother substrate 8. The regions may be arranged in an
array that has rows and columns and are spaced from each
other. Each set of resin R8 may have a rectangular shape in a
plan view and may correspond to a display region of a display
panel. Sets of resin R8 are spaced from each other at prede-
termined intervals. Subsequently, by imprinting the film
stamp that includes sets of cured resin R7 onto the mother
substrate 8, patterns that replicate the pattern of the mold 10
are transferred to the sets of resin R8, which are positioned at
display regions of display panels. As a result, each set of resin
R8 may include protrusions 18a and trenches 184. The shapes
and dimensions of the protrusions 184 may be determined by
the trenches 1756 of the corresponding set of resin R7, and the
shapes and dimensions of the trenches 185 may be deter-
mined by the protrusions 17« of the corresponding set of resin
R7. The shape and area of each set of resin R8 may be
substantially identical and equal to the shape and area of a
corresponding set of cured set or resin R7 in a plan view of a
structure that includes the sets of resins R7 and R8. An etch-
ing process may be performed using the sets of resin R8 as
masks for etching a metal film to form wires of a second set of
wire grid polarizers. One of the first set of wire grid polarizers
and one of the second set of wire grid polarizers may be used
in a display panel and may overlap each other.

[0116] A first side of the cured resin R5 may be longer than
a second side of the cured resin RS in a plan view of the cured
resin R5. A wire of the wires of a wire grid polarizer of the
second wire grid polarizer may be shorter than the first side of
the cured resin R5 and may be longer than the second side of
the cured resin RS.

[0117] The same mold 10 may be used for manufacturing
both the first set of wire grid polarizers and the second set of
wire grid polarizers. Advantageously, manufacturing costs
associated with the first set of wire grid polarizers and the
second set of wire grid polarizers may be minimized.

[0118] Although embodiments of the present invention
have been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions,
and substitutions are possible, without departing from the
scope and spirit of the invention.
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What is claimed is:

1. A method for manufacturing at least one stamp, the
method comprising:

preparing a mold that includes mold protrusions, wherein

the mold protrusions extend parallel to each other in a
plan view of the mold and include a first mold protru-
sion;

providing first resin on the mold, wherein the first resin

partially covers the mold protrusions without com-
pletely covering the mold protrusions, and wherein a
first side of the first resin is at a first angle with respect to
the first mold protrusion in a plan view of a structure that
includes the mold and the first resin;

curing the first resin to form first cured resin; and

forming a first stamp that includes the first cured resin.

2. The method of claim 1, further comprising:

providing second resin on the mold, wherein the second

resin partially covers the mold protrusions without com-
pletely covering the mold protrusions, wherein a first
side of the second resin is at a second angle with respect
to the first mold protrusion in a plan view of a structure
that includes the mold and the second resin, and wherein
the second angle is unequal to the first angle;

curing the second resin to form second cured resin; and

forming a second stamp that includes the second cured

resin.

3. The method of claim 2, further comprising: rotating the
mold before providing the second resin on the mold.

4. The method of claim 2, wherein the first side of the first
resin is longer than a second side of the first resin in a plan
view of the first resin, and wherein the first side of the second
resin is longer than a second side of the second resin in a plan
view of the second resin.

5. The method of claim 2, wherein an area of' the first cured
resin in a plan view of the first cured resin is equal to an area
of the second cured resin in a plan view of the second cured
resin.

6. The method of claim 2, wherein a difference between the
second angle and the first angle is equal to 90 degrees.

7. The method of claim 2, wherein the first angle is an acute
angle, and wherein the second angle is an obtuse angle.

8. The method of claim 1, wherein the first angle is an acute
angle or an obtuse angle.

9. The method of claim 1, wherein the first resin is posi-
tioned between two portions of the first mold protrusion in the
plan view of the structure that includes the mold and the first
resin.

10. The method of claim 1, wherein the first resin is posi-
tioned between two arcs of the mold in a plan view of a
structure that includes the mold and the first resin.

11. A method for manufacturing at least one wire grid
polarizer, the method comprising:

preparing a mold that includes mold protrusions, wherein

the mold protrusions extend parallel to each other in a
plan view of the mold and include a first mold protru-
sion;

providing first resin on the mold, wherein the first resin

partially covers the mold protrusions without com-
pletely covering the mold protrusions, and wherein a
first side of the first resin is at a first angle with respect to
the first mold protrusion in a plan view of a structure that
includes the mold and the first resin;

curing the first resin to form first cured resin;

forming a first stamp that includes the first cured resin;
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pressing the first stamp on first mask material for forming
a first mask; and

etching a first metal film through the first mask to form

wires of a first wire grid polarizer.

12. The method of claim 11, further comprising:

providing second resin on the mold, wherein the second

resin partially covers the mold protrusions without com-
pletely covering the mold protrusions, wherein a first
side of the second resin is at a second angle with respect
to the first mold protrusion in a plan view of a structure
that includes the mold and the second resin, and wherein
the second angle is unequal to the first angle;

curing the second resin to form second cured resin;

forming a second stamp that includes the second cured

resin;

pressing the second stamp on second mask material for

forming a second mask; and

etching a second metal film through the second mask to

form wires of a second wire grid polarizer.

13. The method of claim 12, further comprising: rotating
the mold before providing the second resin on the mold.

14. The method of claim 12, wherein the first side of the
firstresin is longer than a second side of the first resinin a plan
view of the first resin, and wherein the first side of the second
resin is longer than a second side of the second resin in a plan
view of the second resin.

15. The method of claim 14, wherein a length of a wire of
the wires of the second wire grid polarizer is substantially
equal to a length of the first side of the first resin.
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16. The method of claim 12, wherein a first side of the first
cured resin is longer than a second side of the first cured resin
in a plan view of the first cured resin, wherein a length of the
first side of the first cured resin is equal to a length of a wire
of'the wires of the second wire grid polarizer, wherein a first
side of the second cured resin is longer than a second side of
the second cured resin in a plan view of the second cured
resin, and wherein a length of the second side of the second
cured resin is equal to a length of a wire of the wires of the first
wire grid polarizer.

17. The method of claim 12, wherein a first side of the first
cured resin is longer than a second side of the first cured resin
in a plan view of the first cured resin, and wherein a wire of the
wires of the second wire grid polarizer is shorter than the first
side of the first cured resin and is longer than the second side
of the first cured resin.

18. The method of claim 11, wherein the mold includes a
silicon member.

19. The method of claim 11, wherein the first resin is
positioned between two arcs of the first mold protrusion in the
plan view of the structure that includes the mold and the first
resin.

20. The method of claim 11, wherein the first mask
includes the first mask material and a resistance layer, and
wherein the resistance layer is positioned between the first
mask material and the first metal film.

#* #* #* #* #*



